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There a re  few mate r ia l s  ava i lab le  which can be used as aerospace adhesives 
a t  temperatures i n  excess of 200°C. Dur ing the past 10-15 years, the 
M a t e r i a l s  D i v i s i o n  a t  NASA Langley Research Center has developed several 
novel h i g h  temperature polyimide adhesives t o  f u l f i l l  the an t i c ipa ted  needs 
o f  t h e  aerospace indus t ry .  These developments have r e s u l t e d  from 
fundamental s tud ies o f  structure-property re la t i onsh ips  i n  polyimides. Two 
m a t e r i a l s  t h a t  have exh ib i t ed  exceptional adhesive proper t ies  are LARC-TPI 
(Langley Research Center Thermoplastic Imide) and PIS02 (a thermoplast ic 
pay imideru l fone) . -  The sTructures o f  tEese are  i l l u s t r a t e d .  
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I n  examining these s t ruc tu res  one should no t i ce  t h a t  the backbones are  
i d e n t i c a l  w i t h  one exception - a carbonyl group i n  LARC-TPI and a su l fone 
group i n  PISOE. The primary cha rac te r i s t i c  t h a t  imparts the  thermoplast ic 
nature,  and hence good adhesive propert ies,  t o  these systems i s  the degree 
o f  f l e x i b i l i t y  a long the backbone. I n  t h i s  regard, the f l e x i b i l i t y  i s  
i n t roduced  v i a  the  carbonyl b r idg ing  group i n  the anhydride-derived p o r t i o n  
o f  t he  cha in  and from the sulfone and carbonyl groups i n  the  diamine-derived 
p o r t i o n  of the chain. I n  add i t i on  a key factor  i s  the meta-oriented l i n k a g e  
t o  the  benzene r i n g s  i n  the amine-derived segments. The corresponding 
systems w i t h  para-or iented l inkages e x h i b i t  very l i t t l e  thermop las t ic i t y .  
The s t r u c t u r e G e  shown below f o r  comparison. 
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A recent  research program a t  NASA Langley has invo lved the synthesis and 
eva lua t i on  o f  copolyimides which incorporate both f l e x i b i l i z i n g  b r i d g i n g  
groups and meta-l inked benzene r ings .  
t o  develop -ems based on low cost, r e a d i l y  ava i l ab le  monomers. 
approach involved the preparat ion o f  copolyimides o f  the f o l l o w i n g  
s t r u c t u r e  : 
This a c t i v i t y  was undertaken i n  order 
The 
I n  the  cases studied t o  date, x i s  an oxygen and y i s  e i t h e r  an oxygen o r  a 
carbonyl .  Models o f  t h i s  system and o f  the LARC-TPI and PIS02 were prepared 
and compared. A l l  systems exh ib i ted  s i m i l a r  long  range f l e x i b i l i t y  w i t h  the 
LARC-TPI and PIS02 e x h i b i t i n g  more uni form shor t  range f l e x i b i l i t y .  
The two copolyimides t h a t  have been evaluated as adhesives f o r  bonding a 
t i t a n i u m  a l l o y  [ T i  (6A1-4V)I are as fo l lows:  
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Adhesive 
LARC-TPI 
Lap Shear Strength, p s i  
RT 400°F (204°C ) Tg, "C 
4791 3660 260 
LARC-STPI 
STPI-LARC-2 5111 
STPI-LARC-2 
3890 279 
A comparison of room temperature and 400°F (204°C) l a p  shear s t rengths are 
shown i n  Table I below. 
TABLE I 
PIS02 
LARC-STP I 
3650 
3858 
2920 
3626 
273 
283 
We chose t o  age the LARC-STPI system a t  232°C f o r  comparison w i t h  the data 
base of LARC-TPI. A comparison o f  the two systems i s  shown i n  Table 11. I 
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Aging Time a t  232°C 
(450°F 1, Hours 
0 
TABLE I1 
Lap Shear Strength, * p s i  
LARC-TPI LARC-STPI 
1970 3580 
2500 
5000 
I 2840 I 
3390 2570 
3440 1420 
3590 
*Tested a t  232°C (450°F) 
As seen i n  the table,  the copolymer does n o t  perform as w e l l  as the 
LARC-TPI. A f t e r  the postcure e f f e c t ,  the LARC-TPI r e t a i n e d  i t s  s t rength  
whereas the LARC-STPI copolymer re ta ined only  40 percent o f  i t s  h i g h e s t  
s t rength  value. This poor thermooxidat ive performance i s  poss ib ly  due t o  
t h e  amine p o r t i o n s  of the LARC-STPI. 
should have more tendency t o  o x i d i z e  than the benzophenone system used f o r  
The amines used i n  t h i s  polymer 
LARC-TP I 
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